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In this method for separating glycosylated from nonglycosylated hemoglobin in blood by electrophoresis on cellulose acetate membranes, we exploit the affinity of low-molecularmass dextran sulfate for the nonglycosylated fraction, which increases the mobility of the latter relative to that of glycosylated hemoglobin. After the membrane strips are cleared and stained, the two fractions are quantified densitometrically. As evaluated by use with blood from diabetics, results compare well with those by chromatography on short columns and by electrophoresis in commercial agar gel films.
Glycosylation
of hemoglobin, a nonenzyme-mediated, post-translational modification, occurs slowly in erythrocytes (1). Glucose is bound by a stable ketoamine linkage to the N-terminal valine residue of the hemoglobin beta-chain (2) . The extent of glycosylation depends on the blood glucose concentration and measurements of it are made to monitor long-term control of blood glucose in patients with diabetes
(3).
There have been several approaches to the measurement of glycosylated hemoglobin concentration.
Long ion-exchange columns (1) and isoelectric focusing (4) are too complex and tedious for routine use. "High-performance" liquid chromatography (5) can be automated to carry out 50 analyses per day with good precision, provided the equipment is available in the laboratory. Estimations involving short ion-exchange columns (6) and an automated thiobarbitune acid (7) method have been used in clinical laboratories, but both have disadvantages.
The short ion-exchange column method is capricious, being affected by small variations in temperature (8) , pH (9), and buffer (10). The thiobarbituric acid method, although it has been optimized (11) the Corning cassette electrophoresis cell, variable power supply, applicator syringe, and drying oven. Whole-blood hemolysates (1 L) were applied directly to the preformed wells in the agar. After electrophoresis at 60 V for 40 mm, the gel was dried and scanned, unstained, with a Beckman Densitometer (R-112) fitted with a special 420-nm filter donated by Corning Ltd.
Materials and Methods

Mobile Affinity Electrophoresis
Short Ion-Exchange Columns
These were obtained from BioRad Ltd., Watford, Herts, U.K., and analyses were performed according to the manufacturer's instructions.
Results
A typical separation of specimens containing various amounts of glycosylated hemoglobin is shown in Figure 1 ; densitometric scans of tracks 1 and 2 are shown in Figure 2 .
Sample Preparation
The results were not affected by the anticoagulant Hemolysates prepared from each sample were run in duplicate. The mean ± SD percent of glycosylated hemoglobin in the EDTA-, oxalate-, and heparim-treated blood was 7.9 ± 0.2, 7.8 ± 0.2, and 7.9 ± 0.4%, respectively. These values fall within acceptable precision limits for the procedure. A solution of 1 g each of saponin and EDTA per liter was routinely used to hemolyze blood. However, other concentrations of saponin (1-10 g/L) and EDTA (0.5-5 g/L) worked equally well, as did the Gelman "Hemolyzate Reagent" (saponin, 10 g/L, with no EDTA). 
Precision
found that glycosylated hemoglobin S (HbS1) co-migrated with HbA1 and that the two nonglycosylated fractions, HbA and HbS, also co-migrated electrophoretically.
Coefficients of variation of 4.9 and 3.8% were obtained for 16 replicate analyses of samples with 7.5% and 15% glycosylated hemoglobin content, respectively. The precision of the method was therefore satisfactory for the routine estimation of glycosylated hemoglobin in the clinical chemistry laboratory.
Discussion
Applicationelectroendosmosis The hemoglobin bands obtained by the new method were more compact and better defined than the agar gel electrophoresis pattern (Figure 4) . Excellent correlation was obmined between paired results of the two methods (r = 0.94), as shown in Figure 5 , and results by the two methods can be used interchangeably.
Comparison with the Short Column Method
The correlation between 76 paired results by chromatography on short columns and by mobile affinity electrophoresis was also excellent (r = 0.94) when the columns were temperature controlled at 22 #{176}C. Operating the columns at room temperature and correcting for temperature did not produce such good results (r = 0.89). Comparison with the Agar Gel Electrophoresis Method or entrapped in the matrix of the gel. In the method we describe, the active ligand is in the mobile phase and no special modification of the support medium is necessary. This allows use of a simple procedure that is ideally suitable for routine use.
The membrane we used, "Super Sepraphore," is a Mylarsupported cellulose strip. We obtained better separation of the bands with this particular membrane than with the more usual type of nonsupported membrane. Although the electrophoresis could be carried out in any electrophoresis chamber, we used the Gelman Sepratek System because it allowed the simple automatic application of eight samples at one time. Running four chambers from one power pack, we could analyze 32 specimens per batch. Alternatively, one might use the Gelman Semi Micro II Chamber, which takes three membranes.
We did not stain for protein in the initial development work. Instead, a whole-blood hemolysate was taken and applied to the membrane. After electrophoresis the proteins were fixed in trichloroacetic acid and the membrane was dried in an oven. The separation was scanned at 420 nm without protein staining, but the precision of densitometry was not good for a noncleared membrane and a normal glycosylated hemoglobin value. Because the membrane could not be cleared without protein staining, we used washed erythrocyte hemolysates to avoid interference by serum protein staining.
It is becoming increasingly recognized that most simple methods for measuring total glycosylated hemoglobin are subject to interference by an unstable intermediate, which may cause a spuriously high glycosylated percentage to be recorded, especially where grossly above-normal concentrations of blood glucose are present just before the blood is withdrawn. The intermediate may be removed by incubating the blood in a glucose-free medium before estimation (16), a step that has been applied to the agar gel electrophoresis method (17) 
AdditionalKeyphrase:turbidimetry
We have been very interested in the new turbidimetric method described by Iwata and Nishikaze and shows satisfactory reproducibility and recovery, and that the turbidity produced is the same for albumin and gamma-globulins, and is more stable than in Meulemans's method (3) or in the method of Bossak et al. (4).
We have evaluated their method, and we have compared the results with those by the method we routinely use in our laboratories, the sulfosalicylic acid method (3).
Materials and Methods
Preparation and Storage of Specimens
CSF and urine specimens were promptly centrifuged after collection. Protein was determined concurrently by the two methods, either immediately or after storage at -20 #{176}C (the specimen being centrifuged just before analysis). Spectrophotometers used were the Model 25 Beckman (at Pierre Benite2) and Model 1800 Philips (at Lyon'). 
